Immune checkpoint inhibitors (ICIs), including nivolumab, have exhibited substantial benefits in the treatment of several types of cancers. However, treatment with ICIs is often accompanied by immune-related adverse events (irAEs), and a clear understanding of the precise indications and management of irAEs is important for harnessing the full potential of these agents. While skin-or gastrointestinal-associated irAEs have been relatively well studied, there are few reports regarding nivolumab-induced cholangitis. We retrospectively reviewed data from patients with advanced or recurrent non-small cell lung cancer who were treated with nivolumab between December 2015 and December 2018 at Tottori University in Japan. Among the 59 patients, we identified four patients who experienced nivolumab-induced cholangitis. Of these four patients, stable disease (SD) was observed in two patients (50%), while partial response (PR) was achieved in two patients (50%) under nivolumab treatment. Patients were treated with corticosteroid alone (n=2) or in combination with mycophenolate mofetil (MMF) (n=2); these treatments resulted in improvements in nivolumab-induced cholangitis in three patients. In conclusion, the present retrospective study identified four cases of nivolumab-induced cholangitis.
Introduction
Lung cancer is the most frequent cancer, with >220,000 estimated new cases per year and accounting for >140,000 estimated cancer deaths in the US (1) . Despite the advance of therapeutic strategy for this malignancy, the prognosis of patients with advanced-or recurrent lung cancer is still poor, with 5-year survival estimates of ~5% (1) .
The programmed death-1 (PD-1) receptor, which is expressed on activated T cells, is engaged by the ligands PD-1 ligand 1 (PD-L1) and PD-L2, which are expressed by tumor cells and infiltrating immune cells (2) . The interaction of PD-1 with PD-L1 and PD-L2 inhibits T-cell activation and promotes tumor immune escape (3, 4) . Nivolumab is a fully human IgG4 anti-PD-1 antibody that disrupts PD-1-mediated signaling and restores antitumor immunity (5) . Immune checkpoint inhibitors (ICIs) including nivolumab have been approved for the treatment of several types of cancer, including advanced non-small cell lung cancer (NSCLC), on the basis of recent clinical trials demonstrating that it prolongs survival compared with that of cytotoxic chemotherapy (6, 7) . However, treatment with ICIs such as nivolumab is often accompanied by immune-related adverse events (irAEs). A clear understanding of the precise indications and management of irAEs is important for harnessing the full potential of these agents. The recommended management of irAEs is based on clinical experience or in accordance with procedures for the management of autoimmune disease. While skin-or gastrointestinal-related irAEs have been relatively well studied (8) , there are few reports regarding nivolumab-induced cholangitis. Thus, few information is available with regard to clinical manifestation and treatment outcome of this rare type of irAE. Herein, we report a series of four cases of nivolumab-induced cholangitis with NSCLC and review the literature on cholangitis induced by nivolumab.
Patients and methods
We retrospectively reviewed the data from patients with advanced or recurrent NSCLC who were treated with nivolumab between December 2015 and December 2018 at Tottori University Hospital (Yonago, Japan). Nivolumab (3.0 mg/kg) monotherapy was administered intravenously every 2 weeks until disease progression or irAE occurrence. Treatment-related select adverse events those were potentially immune related (skin, gastrointestinal, endocrine, hepatic, hypersensitivity/infusion reaction, pulmonary, and renal) without any other causes were defined as irAEs (6, 7) . PD-L1 expression was assessed using the commercially available PD-L1 IHC 22C3 pharmDx assay (Dako North America). Expression was categorized according to the tumor proportion score (TPS). A PD-L1 TPS of <1% was considered negative.
Clinicopathological data, including the duration of nivolumab treatment, response to nivolumab treatment, laboratory abnormalities, radiological findings, and management of nivolumab-related cholangitis, were analyzed. The data regarding tumor specimens (histology, PD-L1 expression, and driver gene alteration) was obtained at the diagnosis of disease. The other data was obtained when nivolumab treatment was administered. Computed tomography (CT) of the chest, abdomen, and/or pelvis was performed prior to and every 2 months during nivolumab treatment. Patients underwent abdominal CT and additional imaging tests, including endoscopic retrograde cholangiopancreatography (ERCP), endoscopic ultrasonography (EUS), or magnetic resonance cholangiopancreatography (MRCP) upon abnormal hepatobiliary function test (HFT) results during or after nivolumab treatment. Cholangitis was defined as HFT abnormalities with a dominant increase in biliary enzymes (alkaline phosphatase and γ-glutamyl transferase) compared to transaminase (aspartate aminotransferase and alanine aminotransferase) levels. Adverse events were graded according to the National Cancer Institute Common Terminology Criteria for Adverse Events (CTCAE), version 4.0. In this study, we particularly focused on describing the clinical manifestation and treatment outcome of nivolumab-induced cholangitis, one of rare irAEs. In that sense, we performed computer searches of the literature using the PubMed database, with the following keywords: 'non-small cell lung cancer'; 'nivolumab'; 'cholangitis'; 'biliary injury'. Meeting abstracts were excluded from analysis, as were articles written in languages other than English.
The patient characteristics and response to nivolumab treatment were compared between patients with and without irAEs using Mann-Whitney test for age, and Chi-square test for the other characteristics, respectively. Statistical analyses were performed using PASW Statistics 19 (IBM SPSS Statistics). P<0.05 was considered to indicate a statistically significant difference.
Results
Clinicopathological characteristics of patients with nivolumab-induced cholangitis. A total of 59 patients with advanced or recurrent NSCLC were treated with nivolumab between December 2015 and December 2018 at Tottori University Hospital. Among these 59 patients, we identified four patients who experienced nivolumab-related cholangitis, yielding an incidence rate of 6.8%. irAEs other than cholangitis that resulted in discontinuation of nivolumab were observed in five (9.8%) patients (rash, n=2; interstitial lung disease, n=1; hypopituitarism, n=1; diarrhea, n=1). No patients experienced irAEs in multiple organs.
The baseline characteristics of patients are summarized in Table I . There was no significant difference between patients with and without irAEs. The ages of the four patients with cholangitis ranged from 55 to 82 years (median age, 78 years). Among the four patients, three had adenocarcinoma, and the other patient had squamous cell carcinoma. Metastases to the liver upon the administration of nivolumab were observed in one patient (case 4). None of the four patients had any history of cholangitis or pancreatitis prior to the administration of nivolumab treatment. PD-L1 expression was assessed in 31 (52.5%) out of the 59 patients. Among the patients tested, all four patients with any irAE were positive for PD-L1 expression (1-49%, n=1; ≥50%, n=3). Among the 27 patients without irAEs in whom PD-L1 expression was assessed, 14 (51.9%) were positive for PD-L1 expression (1-49%, n=8; ≥50%, n=6). Driver gene alterations were detected in three patients [KRAS mutation: Cases 2 and 3; MET exon 14 skipping: Case 4; gene alterations were not investigated in the patient with squamous cell carcinoma (case 1)].
Nivolumab was administered as second-line therapy in two patients (cases 2 and 3) and third-line therapy in the other two patients (cases 1 and 4). The best response to nivolumab treatment was partial response (PR), which was observed in two patients (cases 1 and 3), while stable disease (SD) was observed in the other two patients. Thus, the response rate (RR) and disease control rate (DCR) in patients with cholangitis were 50 and 100%, respectively. Among five patients with irAEs other than cholangitis, PR was observed in four (80.0%) patients and PD in one (20.0%) patient. The RR and DCR in the 50 patients without any irAEs were 27.5 and 60.8%, respectively. The RR in patients with irAEs was significantly higher than that in patients without irAEs (66.7 vs. 27.5%, P=0.02).
Clinical manifestation of nivolumab-related cholangitis.
HFT abnormalities occurred after 2-24 cycles (median, 6.5 cycles) of nivolumab treatment. Symptoms were fairly mild and non-specific, including epigastric pain and appetite loss at the time HFT abnormalities occurred. Biliary enzymes were dominantly increased in all cases, with peak alkaline phosphatase levels of 3,029-9,118 U/l (reference range, <322 U/l) and peak γ-glutamyl transpeptidase levels of 829-3,442 U/l (reference range, <32 U/l), compared with levels of hepatic enzymes, with peak aspartate aminotransferase levels of 284-682 U/l (reference range, <30 U/l) and peak alanine aminotransferase levels of 235-953 U/l (reference range, <23 U/l). A moderate increase in total bilirubin levels of ≤3.8 mg/dl was also observed.
There were no recent changes in medications, aside from nivolumab. Serological tests for viral hepatitis, autoimmune hepatitis, or cholangitis were performed to exclude other causes of cholangitis in all four patients. None of the four patients were positive for hepatitis B virus (HBV), hepatitis C virus (HCV), IgG4, anti-smooth muscle antibody, or anti-mitochondrial antibody. Three (75%) patients were positive for anti-nuclear antibody (ANA) at the time of diagnosis of nivolumab-induced cholangitis. There were no data available regarding auto-antibody status before treatment with nivolumab. Table II . In three cases (cases 1, 3, and 4), we identified common imaging patterns, including periportal edema (PE), extrahepatic biliary duct (EHD) dilatation, and hypertrophy of EHD, without any obstructive regions, including stones or malignancy (Fig. 1) .
Clinical course after onset of nivolumab-induced cholangitis.
From these clinical manifestations, serological tests, and imaging results, we diagnosed these four cases with nivolumab-induced cholangitis. Although nivolumab treatment was immediately postponed, HFT abnormalities did not improve, but rather worsened. Immunosuppressive treatment with systemic corticosteroid [methylprednisolone (mPSL), 2.0 mg/kg daily] was administered to all patients, and cases 1 and 3 were additionally treated with mycophenolate mofetil (MMF) based on the recommendation of the European Society for Medical Oncology (ESMO) clinical practice guideline (9) . The time course of immunosuppressive treatment and HFT in all four patients is summarized in Fig. 2 . In case 1, we treated with corticosteroid monotherapy (mPSL, 2 mg/kg daily) first for 2 weeks. We then added MMF (1,000 mg twice daily) because grade 3 HFT abnormalities persisted. HFT abnormalities improved to grade 2 or less by 2 weeks after the addition of MMF. Although she experienced abscess in the liver 1 month after the administration of immunosuppressive drugs, probably as a side effect of immunosuppression, the abscess was successfully treated and managed with antibiotics and percutaneous drainage. Case 2 was treated with corticosteroid monotherapy (mPSL, 2 mg/kg daily), but HFT abnormalities did not improve. The patient died of acute exacerbation of chronic obstructive pulmonary disease (COPD) two months after the onset of nivolumab-related cholangitis.
Case 3 had grade 4 cholangitis as with case 1, whose grade 4 cholangitis was refractory to initial systemic corticosteroid treatment. We worried about steroid refractory situation, and decided to treat case 3 with corticosteroid (mPSL, 1 mg/kg daily) and MMF (1,000 mg twice daily) simultaneously. After these drug administration, HFT abnormalities improved to grade 2 or less in 2 weeks without any immunosuppressive treatment-related complication. In case 4, bacterial infection in the neck was observed just after the onset of cholangitis; thus, this patient was first treated with antibiotics for cervical infection. Subsequently, she was treated with corticosteroid monotherapy (mPSL, 2 mg/kg daily) for nivolumab-induced cholangitis, and HFT abnormalities gradually improved.
Upon the improvement of HFT abnormalities, immunosuppressive agents were tapered gradually in three cases (all except case 2). Finally, the three cases whose cholangitis had improved were maintained with an equivalent dose of prednisolone (≤10 mg), and MMF was successfully terminated. The recurrence of HFT abnormalities was not observed in any of the three cases. Moreover, none received subsequent chemotherapy or ICI treatment. Case 1 survived with SD at the data cut-off point without any subsequent treatment. Based on the literature review, we identified seven NSCLC patients with nivolumab-induced cholangitis (10) (11) (12) (13) .
Discussion
In this study, we present a rare case series of NSCLC with cholangitis induced by nivolumab, including two cases treated with a combination of corticosteroid and MMF. Immunotherapy with monoclonal antibodies targeting cytotoxic T lymphocyte-associated antigen 4 (CTLA4), as well as PD-1 and its ligand PD-L1, has become standard care in the treatment of NSCLC, with an increasing number of indications (6, 7, (14) (15) (16) . Therefore, an increasing number of patients will be exposed to these drugs along with the risk of developing irAEs from these treatments. The incidence of irAE is high, with reports of rates of 32.0-64.8% in phase III clinical trials of nivolumab for advanced NSCLC. Among the irAEs, hepatotoxicity is observed in 1.5-7.7% of NSCLC patients treated with nivolumab, making it less common than skin-, gastrointestinal-, or endocrine-associated irAEs (6, 7) . In particular, cholangitis induced by nivolumab is much less common, and there is little information available regarding the characteristics of patients who develop nivolumab-induced cholangitis or its clinical manifestations and treatment outcomes.
As summarized in Table II , including our four cases, we identified 10 NSCLC patients with cholangitis induced by nivolumab. The ages of these 10 patients ranged from 55 to 82 years (median age, 74 years), and the data set included six (60.0%) men. Of the 10 patients, seven (70.0%) had non-squamous NSCLC [adenocarcinoma: n=6, NSCLC-not otherwise specified (NOS): n=1], and three (30.0%) had squamous cell carcinoma. There were no apparent differences in the age distributions or the proportion of histological types between patients with nivolumab-induced cholangitis and other NSCLC cohorts (17) .
The results of a recent phase III study of nivolumab in patients with non-squamous NSCLC showed that a greater RR was observed as PD-L1 expression increased (7) , although in patients with squamous NSCLC, PD-L1 expression did not affect nivolumab efficacy (6) . In addition, Haratani et al (18) reported that the development of irAEs is associated with the Table III . Clinical manifestation and treatment of nivolumab-induced cholangitis. efficacy of nivolumab in patients with NSCLC. These results suggest the possibility of an association between the occurrence of irAEs, the response to nivolumab, and PD-L1 expression. In this study, the RR and DCR in patients with irAEs were higher than those in patients without irAEs, concomitant with positive PD-L1 expression. In addition, of the eight cases available for evaluation in terms of response to nivolumab treatment, four (50.0%) achieved a PR and three (37.3%) had SD, reflecting higher rates than those achieved in previous clinical trials (6, 7) .
Imaging results
The response to nivolumab in patients with cholangitis was comparable to that in patients with other irAEs, indicating the possibility that nivolumab-induced cholangitis occurs more frequently in patients with better responses to nivolumab, as with other irAEs. In other words, irAEs, including cholangitis, may occur particularly in patients who exhibit a better response to nivolumab treatment. However, these associations should be further investigated in future studies with larger sample sizes.
Although irAEs can occur at any time, most develop within a few weeks to a few months (6, 7, 19) . Skin-related irAEs can develop earlier, within 2-3 weeks after treatment, while hepatic irAEs develop within 6-7 weeks (19) . In the 10 cases of nivolumab-induced cholangitis identified in this study, cholangitis occurred after 2-24 cycles (median, 5 cycles) of treatment, with three (30.0%) occurring after more than 10 cycles of treatment. This indicates that ICI-induced cholangitis can also occur later, as with other hepatic irAEs. Clinicians should therefore keep in mind that a delayed effect of ICIs may occur during follow-up.
The dilatation and hypertrophy of the EHD were commonly observed according to imaging, being present in eight (88.8%) of nine patients with imaging available for evaluation. PE was also identified commonly, being present in three (75%) out of our four cases (Table III) . Kim et al (20) reported that such findings could be observed in ICI-associated hepatitis caused by ipilimumab; however, both of these are non-specific and can be observed in other hepatic diseases. These results demonstrate the difficulty in distinguishing nivolumab-induced cholangitis from other hepatobiliary diseases using imaging results alone.
Cholangitis grade was severe in all nine patients with data available, exhibiting grade 3 in six (66.6%) patients and grade 4 in three (33.3%) patients (Table III) . In general, the treatment for an irAE of grade 3 or above is the discontinuation of the suspected drugs and administration of systemic corticosteroids. When irAEs are steroid-refractory, other additional immunosuppressive agents should be considered (9) . The optimal management of irAEs is based on clinical experience or in accordance with procedures for the management of autoimmune disease, as no prospective trials have been conducted to evaluate the best irAE treatment strategy. MMF is recommended for steroid-refractory hepatitis according to the ESMO guideline (9) and protocols of clinical trials for nivolumab for advanced NSCLC (6,7); however, there have been no case reports of NSCLC patients who experienced severe nivolumab-induced cholangitis and were treated with a combination of corticosteroid and MMF. To the best of our knowledge, our two cases with grade 4 cholangitis were the first NSCLC cases treated with a combination of corticosteroid and MMF for nivolumab-induced cholangitis. In these two cases, HFT abnormalities improved quickly after the administration of MMF combined with corticosteroid. Although the adverse effects of immunosuppressive treatment must be considered, especially that of infection, our cases suggest that this combination treatment is feasible and indeed effective against nivolumab-induced cholangitis. It remains to be clarified, however, whether simultaneous or sequential use of MMF is superior. However, owing to the rarity of this irAE, prospective trials to evaluate the best treatment strategy cannot be conducted. Therefore, further case reports are needed to establish the optimal management of patients with this irAE.
Limitations of this study include potential biases associated with the initiation, dosage, choice of immunosuppressive agents, and duration of immunosuppressive treatment, all of which are inevitable in a retrospective study. In addition, we were unable to perform histopathological analyses in the four cases from this study because of our retrospective design.
In conclusion, we have reported and reviewed a case series of NSCLC patients who developed cholangitis during ICI treatment. Nivolumab-induced cholangitis is a rare irAE that is more likely to develop in patients with better treatment responses to ICI. The combination of corticosteroid and MMF was an effective treatment in our two cases with grade 4 nivolumab-induced cholangitis, and its efficacy should be investigated in additional case reports.
